Preclinical vascular changes (increased stiffness and/or wall thickness) have been observed in children with known metabolic risk factors. Aim of the present study was to evaluate different carotid parameters, representative of vascular health, in children with and without metabolic syndrome (MS). We studied 38 children with MS (mean age 9.672.6 years; range 6-14 years) and 45 healthy age-matched subjects. Children who met three or more of the following criteria qualified as having the MS: fasting glucose 4110 mg dl
Introduction
Large autopsy studies have shown that the atherosclerotic process in the vascular wall starts in childhood. 1, 2 Five to ten per cent of coronary arteries of children aged 2-15 years show fibrous plaques, and it is generally believed that they evolve from an initial fatty streak. 3 Over the last 20 years, the development of noninvasive methods has allowed to assess in vivo abnormalities in vascular structure and function of young subjects at cardiovascular risk. [4] [5] [6] In particular, carotid intima-media thickness (IMT) is commonly used as a measure of preclinical atherosclerosis. Carotid IMT and diameters are little affected by age and gender during childhood. 7 An increase in carotid IMT has been observed in children with known metabolic risk factors, that is hypercholesterolemia, diabetes mellitus and obesity. [8] [9] [10] [11] The cross-sectional area of the intima-media complex (CSA-IMC) has been found to be a good indicator of arterial wall mass, closely related to cardiac left ventricular mass, and has been demonstrated to be another accurate predictor of coronary atherosclerosis. 12, 13 Risk factors for cardiovascular disease frequently cluster within individuals in both children and adults. In a recent survey on Italian school-aged children, high blood pressure (BP) was strictly associated with overweight 14 and in another study BP levels in obese children were independently associated with hyperglycaemia. 15 Over the past decade, the prevalence of metabolic syndrome (MS) has increased significantly among adolescents and is particularly prevalent in overweight subjects. [16] [17] [18] The aim of the present study was to test the hypothesis that children with MS have structural changes in their carotid arteries detectable by ultrasound.
Materials and methods

Study population
We studied 38 overweight or obese children with MS (mean age 9.672.6 years; age range 6-14 years) consecutively recruited from patients attending the Outpatient Weight Clinic of the Department of Pediatrics, A Cardarelli Hospital (Naples, Italy), and 45 healthy age-matched children (10.172.5 years). None of the children had any acute or chronic disease and none was on regular medication. There was no family history of premature cardiovascular disease. An expert paediatrician assessed pubertal development, based on Tanner stage, by physical examination. Height was measured to the nearest 0.1 cm using a wall-mounted stadiometer. Body weight was measured to the nearest 0.1 kg with a digital scale. The waist circumference was measured at the level of the umbilicus and the superior iliac crest at the end of a normal expiration, while the child stood upright.
The body mass index (BMI) was calculated as the weight in kilograms divided by the height in metres square. The children had to rest for 10 min in a quiet and comfortable room before BP measurements. BP was measured in the sitting position, using the right arm, with a standard mercury sphygmomanometer. After the appropriate size cuff had been applied (covering approximately 80% of the circumference of the upper arm), the cuff was gradually inflated to about 20 mm Hg above the point at which the radial pulse disappeared. The pressure within the cuff was then deflated at a rate of 2-3 mm Hg s À1 while auscultating with a stethoscope over the brachial artery. The physician recorded systolic blood pressure as the first Korotkoff sound and diastolic blood pressure as the fifth. 19 Pressures were taken three times at 1-min intervals, to the nearest 2 mm Hg. The measurements were then averaged for statistical analysis. According to NHANES III definition, 17 children who met three or more of the following criteria qualified as having the MS: fasting glucose 4110 mg dl
À1
, fasting triglyceride concentration 4100 mg dl
, fasting high-density lipoprotein cholesterol concentration o50 mg dl À1 for women or o45 mg dl À1 for the men, waist circumference 475th percentile for age and gender and systolic or diastolic BP 490th percentile for age, gender and height.
All the children with MS in our study were overweight or obese (BMI z-score 41.5).
We used the US Task Force normative tables to define BP percentiles because only these charts take into account age, height and gender at the same time. 19 The study was in accordance with the ethics guidelines of our institutional committee. Before the study, both parents of all children provided written informed consent.
Laboratory analyses
Blood samples were collected in the morning by venipuncture after an overnight fast. Total cholesterol, triglyceride, high-density lipoprotein cholesterol and glucose concentrations were measured by enzymatic assays (Roche/Hitachi 747, Roche Diagnostics GmbH, Mannheim, Germany). Highsensitivity C-reactive protein was measured by nephelometry (BNTnII, Dade Behring, Liederbach, Germany), and glycated haemoglobin was measured with high-performance liquid chromatography (Variant II, BioRad, Hercules, CA, USA).
Ultrasound B-mode imaging
Carotid B-mode ultrasound examinations were performed by a single sonographer using a Siemens Elegra (Siemens Ultrasound, Issaquah, WA, USA) with a linear array probe 7-13 MHz. The ultrasound protocol involved a detailed investigation of the distal 1.0 cm of the near and far walls of the right and the left common carotid artery before the crest at the origin of the bifurcation. In each examination, different scanning angles (anterior, lateral, and posterior) were used to identify the greatest IMT in each wall.
Quantitative measurements of the near and far wall IMT, diastolic and systolic lumen diameters were performed at the end of each exam on digitally stored images using electronic calipers. The sonographer, unaware of the scope of the study, reviewed the exam and selected the frame that contained the thickest IMT for each of the four carotid walls. The mean of these four maximum thicknesses was reported as carotid IMT. It was possible to obtain common carotid IMT measurements in all subjects.
The scanning protocol was specifically designed to ensure accurate measurements of the arterial diameters. The diastolic lumen diameter (Dd, that is the minimal arterial diameter) was calculated as the mean of the minimal values of lumen diameters for five consecutive cardiac cycles. Similarly, the systolic diameter was computed as the mean of the maximal values of lumen diameters during the same cardiac cycles. Arterial geometry was further characterized by calculation of carotid CSA- Figure 1 ). Intraobserver variability of vascular measurements in children was assessed in two different occasions (1-7 days apart) in 21 healthy children. The coefficient of variation was 3.9% for IMT, 1.8% for lumen systolic diameter and 2.5% for lumen diastolic diameter.
Statistical analyses
Statistical Package for Social Sciences (version 12.0, SPSS, Inc., Chicago, Il, USA) was used for statistical analyses. Continuous variables were described as mean and s.d., and categorical variables were reported as percentage. High-sensitivity C-reactive protein values were not normally distributed and were logarithmically transformed before analysis. Comparisons between children with and without MS were made using independent sample Student's t tests and Pearson's w 2 test. Analysis of covariance was used to test for differences in carotid parameters after adjustment for age, gender and height.
Results Table 1 shows anthropometric and biochemical data of the two groups. There were statistically significant differences with regard to waist circumference, BP (both systolic and diastolic), high-density lipoprotein cholesterol, triglycerides and C-reactive protein; noteworthy, plasma glucose (one of the parameters of MS) was not significantly different between the two groups. Total and LDL-cholesterol did not differ significantly between children with and without MS.
Carotid IMT, diastolic and systolic lumen diameters were all increased in children with MS as compared to healthy controls, even after adjustment for age, gender and height ( Table 2 ). Carotid CSA-IMC, an index of arterial wall mass, was increased by 26% in children with MS as compared to controls, whereas the luminal area was increased Carotid hypertrophy and metabolic syndrome A Iannuzzi et al by 18%. These data indicated that the increase in IMT was greater than the compensatory enlargement in vessel diameters. For carotid IMT and CSA, when in a multivariate analysis of variance, we added triglycerides and high-density lipoprotein cholesterol in addition to age, gender and height as covariates there was still a significant difference between children with MS and healthy controls (P ¼ 0.02 and o0.001 respectively). The further addition of BMI in the model reduced the P-value, but the statistical significance was retained (IMT 0.4970.13 mm in controls, 0.5670.14 mm in children with MS, P ¼ 0.04; CSA 7.8572.38 mm 2 in controls, 9.7472.67 mm 2 in children with MS, P ¼ 0.006). However, when we also added BP as covariate, the statistical significance between the two groups disappeared. IMT in healthy controls was 0.5370.14 mm, and in children with MS was 0.5070.16 mm (P ¼ 0.48); CSA in controls was 8.6872.67 mm 2 , and in children with MS was 8.7573.04 mm 2 (P ¼ 0.93). These data, taken together, indicated that BP and BMI were the most powerful contributors to arterial hypertrophy.
Discussion
The main and original finding of the present study is the demonstration of carotid hypertrophy in children with MS. In these children, we found structural modifications of the common carotid artery characterized not only by augmented wall thickness but also by increased lumen diameters. However, the carotid CSA-IMC, a parameter that takes into account changes in both wall thickness and lumen diameter and therefore is a more appropriate measure of arterial mass than IMT alone, was significantly greater in children with MS, suggesting that the arterial diameter enlargement compensates only in part the increase in wall thickness.
Arterial remodelling, as first described by Glagov et al. 20 , is a key feature in the process of atherosclerosis. Intravascular ultrasound studies have shown that compensatory enlargement retards and paradoxical shrinkage of the atherosclerotic artery accelerates luminal narrowing by plaque formation. 21, 22 In non-invasive ultrasound studies, a correlation was found between metabolic risk factors and arterial remodelling. [23] [24] [25] The relation between MS and arterial structure has been evaluated in adults, [26] [27] [28] [29] but not in children. The present data are in line and complement a recent observation of an increased carotid stiffness in obese children with MS as compared to these without MS. However, in that paper there were no differences in carotid IMT and diameters between the two groups. 30 Taking into account that in our study population there was no statistical difference in glucose concentration between the two groups, increased BP, obesity, higher triglycerides, lower high-density lipoprotein cholesterol values could contribute to vascular deformational stress and result in hypertrophy of carotid arteries.
It is widely accepted that cardiovascular disease begins in childhood, but the best way to target children at risk remains incompletely defined. 31 One important finding of the present study is that despite significant differences in overall and central adiposity, there is no difference in total cholesterol and LDL between children with and without MS. This finding could be of interest for the paediatric cardiovascular community because the latest cholesterol guidelines for children still use total cholesterol as the initial trigger point which may be outdated considering the clinical relevance of the current obesity epidemic in children. The present paper shows the primary importance of the MS, and particularly of BP and BMI in determining early abnormalities of vascular health.
Moreover, the presence of MS in children was associated with a higher level of low-grade inflammatory state. These results are in line with a similar finding in a huge survey of adolescents in USA and could be a further indicator of future cardiovascular risk. 32 Since carotid wall thickening has been demonstrated to reflect the presence of preclinical atherosclerotic disease at other sites, that is the coronary arteries, 33 and most importantly is an independent predictor of future cardiovascular events, 34 it could be useful to include carotid ultrasound assessment for the risk stratification of these children with MS.
High-resolution B-mode ultrasound also provides an objective tool to determine the reversibility of such early arterial damage in children with MS, adopting an intervention programme of diet alone or diet with exercise training. 35 Weight loss is so difficult to achieve and it would be unfortunate if efforts were diluted by failure to focus on those obese children who would benefit most from preventive measures.
In conclusion, our data support the hypothesis that, even at this young age, arterial structural changes are detectable in the presence of MS and that in these children we should maximize our attention to develop successful strategies for the long-term weight reduction and aimed at lowering metabolic risk factors.
What is known about topic:
K Obese children have echographic evidence of an increased intima-media thickness and stiffness of their arteries.
